ABSTRACT Background: The prevalence of childhood obesity is increasing rapidly in low-and middle-income countries, and informed policies to tackle the problem must be defined. Objective: We systematically reviewed the evidence on the effectiveness of school-based interventions targeting dietary behavior and/or physical activity for the primary prevention of obesity in children and adolescents aged 6-18 y in low-and middle-income countries. Design: We searched the MEDLINE, EMBASE, Web of Science, CENTRAL, ERIC, Cochrane Library, and Centre for Reviews and Dissemination databases for peer-reviewed controlled studies published in English, Spanish, French, German, or Dutch between January 1990 and July 2011. The quality of the included studies was appraised independently by 2 authors who used the Effective Public Health Practice Project tool. Results: From a total of 7218 unique references, we retained 22 studies. Most of the interventions (82%) had a positive effect on dietary behavior and physical activity behavior (effect size ranged from 20.48 to 1.61). BMI decreased in 8 studies (effect size ranged from 20.7 to 0.0). Effective interventions targeted both diet and physical activity, involved multiple stakeholders, and integrated educational activities into the school curriculum. Conclusions: School-based interventions have the potential to improve dietary and physical activity behavior and to prevent unhealthy body weights in low-and middle-income countries. To reach their full potential, interventions should conduct process evaluations to document program implementation. The effect and the pathways through which interventions have this effect need to be better documented through rigorous evaluation studies.
INTRODUCTION
Chronic diseases are now the leading cause of morbidity and mortality in low-and middle-income countries (LMICs) 4 , and their prevalence will increase even further over the next 2 decades (1, 2) . Although 80% of the overall chronic disease burden occurs in LMICs (3, 4) , chronic diseases remain mostly underappreciated as a public health issue in these countries (5, 6) . Key determinants of chronic diseases are inadequate diets, physical inactivity, smoking, excessive alcohol use, and obesity (7) . Obesity rates have more than doubled over the past 2-3 decades in many high-income countries (HICs) (4, 8, 9) . Comparable trends in LMICs (10) have been associated with rapid economic and societal changes (11, 12) . The staggering increases in unhealthy body weights have been observed in both urban and rural settings and across all levels of socioeconomic status (SES), including in the poorest groups (13) (14) (15) .
Of great concern is the worldwide rise in obesity in children and adolescents. Ten percent of 5-17-y-olds (ie, 150-160 million) are overweight, of whom 2-3% (ie, 35-40 million) are obese (16) . The rapid increase in unhealthy body weight in schoolchildren has led to prevalence levels in some LMICs that are as high or even higher than those found in HICs (8, 16, 17) . Excess body weight during childhood is associated with a range of chronic conditions in adulthood, including type 2 diabetes, hypertension, dyslipidemia, cardiovascular diseases, and cancers (18) (19) (20) (21) , and thereby compromises the quality of life (22) and overall life expectancy (23) (24) (25) . Obese children are more likely to become obese adults (26) (27) (28) and to suffer from psychosocial problems, social stigmatization, and poor self-image (29) .
Prevention is of utmost importance to curb the rise in dietrelated chronic diseases, particularly in LMICs because treatment is expensive and will drain the already limited public health resources (30) . Physical activity (PA) and dietary habits are key modifiable behavioral risk factors in the onset of obesity. As such, they are the cornerstones of any preventive strategy in children and adolescents (7, 31) . School-based intervention programs have emerged increasingly as an important strategy in obesity prevention. Most of the available evidence, however, originates from studies conducted in HICs (32, 33) . The only 2 systematic reviews linked to LMICs either focused on only one region (ie, China) or had a narrow focus on one specific intervention (ie, PA) (34, 35) . Moreover, a comprehensive and systematic synthesis of study results, including both anthropometric and behavioral outcome measures, is currently lacking (33) . Given the differences in contextual and cultural factors between HICs and LMICs (36) , the public health challenges they are facing, and the importance of basing actions on sound evidence, we conducted a systematic review to identify effective pathways that alter behavior and/or BMI in schoolchildren in LMICs.
METHODS
We conducted a systematic review of the effect of schoolbased interventions in LMICs aimed at the primary prevention of obesity through changes in dietary behavior, PA behavior, or both in children and adolescents 6-18 y of age. To avoid biased post hoc decisions, the inclusion criteria and analytic methods were specified in the review protocol before the review was conducted and were based on the Cochrane handbook (37) . The Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement was followed as a guideline to report this systematic review (38, 39) .
Search strategy
The following electronic databases were searched: MEDLINE (PubMed; http://www.ncbi.nlm.nih.gov/pubmed), EMBASE (http:// www.embase.com), Web of Science (http://www.webofknowledge. com), CENTRAL (http://www.thecochranelibrary.com/), ERIC (http://www.eric.ed.gov/), The Cochrane Library (http://www. thecochranelibrary.com/), and the Centre for Reviews and Dissemination (http://www.crd.york.ac.uk/crdweb/SearchPage.asp). The initial search string was developed in MEDLINE by using the Population, Intervention, Comparison and Outcome model (40) , combining population (healthy children and adolescents in LMICs), intervention (school-based primary prevention for PA and/or nutrition), comparison (controlled trial), and outcome (anthropometric and/or behavioral change outcomes) terms (see Supplemental Table 1 under "Supplemental data" in the online issue). The search string was further refined for use in the different databases. It included both text words and thesaurus terms, which were adapted for each of the databases searched. Searches were conducted in April 2010 and updated in July 2011 for all databases except EMBASE and ERIC because of difficulty accessing them. Additional eligible studies were identified from the bibliographies of published reviews and included articles.
Eligibility criteria
The review was limited to studies published in English, French, Spanish, Dutch, and German between January 1990 and July 2011. This time frame was chosen because it covers the worldwide trend of increasing childhood obesity prevalence over the past decades. To be eligible for inclusion, studies had to 1) be conducted in a school setting in an LMIC, based on the World Bank classification (41) ; 2) include healthy children and adolescents 6-18 y of age; 3) use a controlled trial design (with or without randomization); 4) focus on primary prevention of overweight or obesity through dietary and/or PA behavior; and 5) include both baseline and postintervention measurements of dietary and PA behavior outcomes and/or anthropometric outcomes. Studies targeting parental or teacher behavior were eligible if outcome data could be extracted for children and/or adolescents. The following studies were excluded: 1) correspondence letters, book chapters, dissertations, conference proceedings, and abstracts; and 2) secondary prevention interventions targeting only overweight, obese, or underweight subjects.
Study selection
First, the title and abstracts of the identified references were screened to select relevant studies based on the inclusion criteria. If insufficient information was available from the title and abstract, the full text was read. The full text of the selected studies was then retrieved and read to determine whether the inclusion criteria were met. The selection process was performed independently by 2 reviewers (RV and CL). Disagreement between reviewers was resolved by discussion until a consensus was reached. In cases of a disagreement, a third reviewer was consulted (PWK).
Data extraction
Data extraction of the following study characteristics was performed by one reviewer (RV): study design, study setting (urban/rural), characteristics of participants (including number, number of schools, age, sex, and SES), type of intervention (including type, intervention duration, length of follow-up, and focus), adverse effects, and theoretical framework of the intervention. Data extraction sheets were pilot-tested on 4 papers before applying them to all included studies. Study results (ie, the impact estimates) and the information necessary to evaluate study quality appraisal were extracted independently by $2 reviewers. Disagreements were resolved by discussion until a consensus was reached. If necessary, a third reviewer was consulted to obtain a final decision. If $2 articles presented data from the same study, the results were included only once in the tables, but all the references linked to the original study were noted.
Summary measures
To the extent that they were reported in the articles reviewed, 2 types of impact estimates were tabulated for each study: 1) the double difference effect, ie, the difference in the change of means over time (ie, from baseline to follow-up) between the intervention group and the control group; and 2) the baselineadjusted effect, ie, the comparison between the means of the intervention and control groups at follow-up, adjusted for values of the outcome at baseline. After these data were extracted, it became apparent that some studies did not report statistical tests between the intervention and control groups. Consequently, studies for which no statistical tests were provided or outcomes for which no significance levels were reported were not included in the result tables. In addition, the effectiveness of studies estimating the effect of the intervention on at least one proximal (ie, PA or dietary behavior) and a distal outcome (ie, BMI or overweight/obesity prevalence) was evaluated. The authors were contacted to obtain further information when needed.
Quality appraisal
Methodologic quality was assessed by using the Effective Public Health Practice Project Quality Assessment Tool for Quantitative Studies 2008 (42) . This standardized qualityassessment tool evaluates study quality in 8 domains: selection bias, allocation bias, control for confounding, blinding, data-collection methods, loss to follow-up, statistical analysis, and intervention integrity. The tool assigns ratings of 1 (lowest quality), 2 (moderate quality), or 3 points (highest quality) to each of the 6 first domains. The overall quality score is then calculated for each study by adding these ratings.
Data synthesis
Because of heterogeneity in the studies in terms of participants, types of intervention, and outcome measures, a meta-analysis was not appropriate. When possible, effect size (ES) was computed to allow comparison of the effectiveness of the interventions across studies:
ES ¼ ðmean for I 2 mean for CÞO½average SD for I and C ðpooled SDÞ ð1Þ
where I is the intervention group and C is the control group. ES was calculated for the following outcomes: dietary and PA behavior, BMI, and the prevalence of obesity and/or overweight. They were categorized as trivial (,0.2), small (0.2 to ,0.5), medium (0.5 to ,0.8), or large ($0.8) (43) . The ES of interventions was presented by outcome and grouped into 3 categories depending on the type of intervention: 1) diet, 2) PA, and 3) diet and PA. 
RESULTS

Description of included studies
The systematic search strategy identified 7218 unique references, of which 104 articles were included for full-text review. After full-text screening of these articles, 25 studies (presented in 29 publications) were found to meet the inclusion criteria and were included for quality appraisal and analysis ( Figure 1 ). The characteristics of these studies are presented in Table 1 . Overall, 13 interventions involved school staff, communities, parents, children, and/or families and are referred to as multicomponent interventions in the remainder of this review. Four of the 25 interventions provided an individual counseling component (44) (45) (46) (47) .
Four studies were diet-only interventions (48-51), 10 studies were PA-only interventions (47, (52) (53) (54) (55) (56) (57) (58) (59) (60) (61) , and 11 studies involved both diet and PA interventions (referred to as combined interventions in this review) (44) (45) (46) (62) (63) (64) (65) (66) (67) (68) (69) (70) (71) (72) . Diet-only interventions mainly used nutrition education promoting healthy diets as a key intervention strategy (48, 49, 51) ; one study was a breakfast program (50) . Eight of 10 PA interventions provided additional physical-education sessions ranging from 50 to 315 min extra per week (52) (53) (54) (56) (57) (58) (59) (60) . Except for one study not reporting these data (47) , these studies integrated their additional sessions into the existing curriculum. The remaining 2 PA interventions compared programmed PA with a regular physical-education curriculum (55) and provided tailored education according to the different stages of the Health Action Process Approach (61) . Most (n = 9) of the combined interventions used diet and PA education as their key strategy (45, 46, 62, (65) (66) (67) (68) (69) (70) (71) (72) , which was accompanied by environmental or organizational changes in the schools in 5 of them (46, 62, 65, 66, (69) (70) (71) . The remaining 2 interventions provided lectures and group counseling on cardiovascular disease prevention (44) and trained primary caregivers of children in healthy nutrition and activity (63, 64) .
Most of the studies were conducted in Latin America (n = 13) and Asia (n = 8). Only 6 studies based the intervention design on a theoretical framework. Two-thirds of the studies were conducted in major urban areas (n = 16), 2 studies included a rural area, and the remaining studies did not report this information. The number of participants ranged from 135 to 4700, and the participants' mean age ranged from 6.5 to 18.4 y. The median intervention duration was 9 mo (range: 1 h to 4 y), and the median length of follow-up was 11 mo (range: 4 wk to 4 y). Except for 3 studies including only boys (44, 59) or girls (47) , all interventions targeted both sexes. Thirteen studies reported on the SES of the area, students, and/or parents. Few studies (n = 3) reported data on adverse effects (60, 67, 69) .
Effectiveness and effect sizes of interventions
The results are presented by outcomes. Anthropometric outcomes such as waist circumference and skinfold thickness were evaluated in too few studies to be reported in this review. Surprisingly, 3 studies did not report significance levels on any outcome of interest (48, 61, 65, 66) and therefore were not included in the result tables. Six additional studies did not report significance testing on some of their outcomes; likewise, these outcomes are not reported in the tables (45, 46, 55, 58, 62, 67) . Of the 22 studies (presented in 25 publications) included in the result tables, only 12 studies reported the information required to calculate the ES. Of the 16 authors contacted to provide additional information, 4 responded but only 2 were able to provide the required information.
Dietary behavior
Five studies (2 diet and 3 combined interventions) reported significant effects on one or more dietary behaviors ( Table 2 ). The diet interventions reported a positive effect on preferences for healthy food (49) and a decrease in daily consumption of sweetened carbonated drinks (51) . A significant decrease in the fast food eating behavior score (62) , in the frequency of fast food consumption in general (67) and in schools (72) , and in fried food consumption, soda intake, and snacks high in fat, sugar, and salt (67) were observed in favor of the combined interventions. The only study for which ES could be calculated had a small effect (62) .
Except for one study, only multicomponent studies were effective in changing behavior. Most provided nutrition education or nutrition and PA education as the intervention strategy, which were implemented by the teachers. All but one study had a low quality level (49) .
PA behavior
Nine studies (7 PA interventions and 2 combined interventions) reported on physical fitness (n = 5) and/or PA time (n = 4) ( Table 3) . With regard to the PA interventions only, those measuring physical fitness (n = 3) as an outcome showed a significant increase in performance on most fitness indicators (52, 54, 59) . Of those interventions evaluating time spent being physically active (n = 4), all but one (58) found a significant increase in the intervention group (47, 53, 56, 57) . Overall, the ES of the PA interventions ranged from trivial to large (range: 20.48, 1.61) (47, 53, 54, 58) . The effective PA interventions were provided by teachers and included additional PA sessions or healthy PA education integrated into the existing curriculum. Two of them were multicomponent interventions (47, 53) .
The 2 combined interventions showed a beneficial effect on all fitness tests for both boys and girls (69) (70) (71) ; the ES varied from small to medium (69) . Also worthy of note, the study with the highest quality score was also the one that reported the largest ES.
BMI
Eight of the 12 studies with BMI data reported a statistically significant effect for the intervention ( Table 4 ). The 2 dietary behavior interventions did not have a significant effect on mean BMI (50, 51) . All PA studies, except for one (55) , found a significant effect on BMI or BMI z score for the overall sample (59, 60) or for girls (56, 57) . No ES could be calculated for these studies. Five of 6 combined interventions reported a beneficial effect on BMI or BMI z score for the overall sample (44, 63, 64, 68, 70, 71) or for boys only (69). The largest ES was for the 2 best-rated studies in terms of quality, which were both conducted in children (mean age: ,12 y), were both combined diet and PA interventions, and found significant positive effects on BMI or BMI z score (63, 64, 68) . In both studies, the key intervention strategies were an integrated curriculum delivered by
TABLE 1
Characteristics of studies (n = 25) included in the quality appraisal targeting diet only, PA only, or both PA by providing heart-rate feedback in fourth-and fifth-grade students in primary schools Intervention: There were 1 control group and 2 intervention groups; for 2 wk, one intervention group received an educational program and heart-rate feedback, whereas the other group received heart-rate feedback with normal physical-education sessions;
SCHOOL-BASED OBESITY-PREVENTION INTERVENTIONS
the educational program included heart-rate monitor skills, heart health education, goal setting, and role-play;
it was implemented as a module within the physical-education curriculum; after the educational part, children in the intervention groups completed 2 wk with heart-rate feedback and 2 wk without heart-rate feedback (counterbalanced)
Control: The control group received no intervention Sample included in analysis.
3
Estimate of average age. 
TABLE 2
Effect on dietary behavior of studies providing significance levels (n = 5) 
TABLE 3
Effect on PA behavior of studies providing significance levels (n = 9) C, control; EG, education group; HP, Pender's health promotion model; I, intervention; MVPA, moderate-to-vigorous physical activity; NEG, no education group; NR, not reported; PA, physical activity; PAEE, physical activity energy expenditure; THP, trans-theoretical model integrated with Pender's health promotion model; DC, change in outcome for control; DI, change in outcome for intervention.
2
Mean 6 SD (all such values).
3
Interaction (group 3 time) effect.
4
Interaction effect group after 2 wk and after 6 mo.
5
Main effects.
SCHOOL-BASED OBESITY-PREVENTION INTERVENTIONS
TABLE 4
Effect on BMI of studies providing significance levels (n = 12) DC, change in outcome for control; DI, change in outcome for intervention. teachers/school staff accompanied by regular nutrition education of parents.
Overweight and obesity prevalence
Three of the 7 studies reporting on this outcome significantly decreased obesity prevalence in the intervention group (45, 68, 70, 71) by 0.8-32.5 percentage points ( Table 5 ). All 3 studies reported on combined multicomponent interventions. Of the 7 studies, 2 were of moderate quality.
Effectiveness of studies measuring at least one proximal and one distal outcome Five of the 22 studies included in the results tables (Tables 2-5 ) measured both a proximal outcome, ie, PA (56, 57, 59, (69) (70) (71) or diet (51) , and a distal outcome such as BMI or overweight/ obesity prevalence (51, 56, 57, 59, (69) (70) (71) . All 5 studies showed a significant effect on the proximal outcomes they measured. Four interventions (2 PA and 2 combined interventions) showed an effect on both the proximal and the distal outcomes for at least one subgroup (56, 57, 59, (69) (70) (71) . Only the intervention evaluating diet as an intermediate outcome did not have an effect on the distal outcome (51) . All 5 studies were of low quality, and ES could only be calculated for 2 of them (69) (70) (71) .
Quality appraisal
The key methodologic limitations encountered were lack of randomization (n = 10) or unclear/inappropriate randomization methods (n = 8), inexistent or unclear description of intentionto-treat analysis (n = 13), unblinded assessors (n = 25), absence of reporting on dropout numbers and/or reasons (n = 10), and absence of reporting on intervention integrity (n = 25) and on process evaluation (n = 23). In 2 studies, contamination between groups was likely because the intervention and control groups were within the same school, or the same teachers taught both the intervention and the control group (52, 65) . Finally, only half of the studies with a cluster design (n = 17) applied an appropriate data analysis method, which resulted in likely overestimation of the statistical significance of the results. The overall quality evaluation for each study is shown in Table 1 . Many of the studies did not evaluate the outcome that the intervention was intended to change. One of the 4 diet interventions did not report the effect on dietary outcomes, and 2 of the 10 PA interventions did not report on PA. Of the 11 combined interventions, 4 did not evaluate the effect on either diet or PA, and 4 studies evaluated only one of either.
DISCUSSION
This was the first systematic review of school-based interventions aimed at the primary prevention of obesity in children and adolescents in LMICs. Twenty-five studies met the inclusion criteria. Of the 22 studies reporting useful statistics on the outcomes of interest, 18 had a positive effect on one or more of the outcomes (82%). Two of the 3 diet interventions that measured the adolescents' diet significantly improved this outcome; however, the diet interventions did not have an effect on any of the BMI-related outcomes. The 9 PA interventions were successful at increasing PA (6 of 7 measuring PA) and lowering BMI in at least one of the studied subgroups (3 of 4 evaluating BMI), but did not have an effect on the prevalence of overweight or obesity (0 of 2 evaluating this outcome). The 10 combined interventions had a significant effect on all outcomes: diet (3 of 3 measuring diet), PA (2 of 2 measuring PA), BMI (5 of 6 in at least one subgroup), and the prevalence of overweight or obesity (3 of 3 evaluating this outcome). Even though the ES for BMI was classified as small or trivial (range: 20.7, 0.0), the public health effect at a population level can be substantial if implemented in large groups of children and when sustained over longer periods (73) . We had expected the combined interventions to have a larger effect on BMI than interventions addressing only diet or PA, but no differences were found when the ES was compared between these types of studies. Even though studies were limited in number to draw firm conclusions, combined interventions are more likely to decrease BMI. Understanding the potentially synergistic effects of combined diet and PA interventions through evaluation studies with a 2-by-2 factorial design would produce relevant knowledge for policy makers.
A key question relates to which intervention characteristics are associated with higher effectiveness. Interventions that positively changed both proximal and distal outcomes were generally multicomponent, education-based interventions delivered by teachers and providing additional PA sessions or integrated classes about healthy foods, nutrition, or PA to encourage children to adopt a healthy lifestyle. Similar characteristics were found for interventions improving dietary or PA behavior only. Those studies reducing BMI only were generally multicomponent interventions targeting both diet and PA. In addition, these intervention characteristics generally coincide with those identified in reviews of intervention studies conducted in China and Latin America (34, 35) . Studies evaluating both proximal and distal outcomes lasted between 6 and 48 mo and generally had a long-term follow-up. Interestingly, all effective studies evaluating BMI only lasted longer than 12 mo. This is a surprising finding because previous studies showed that effective interventions tended to be short term (,12 mo) (36, 73) .
The effectiveness of multicomponent interventions, and especially those that involve parents, is not surprising. As role models, parents shape the eating behaviors of their children and play an important role in the etiology and prevention of weightrelated problems (74) . In many LMICs, caregivers and families are present more prominently in the daily life of children and adolescents, underscoring the importance of their involvement in these school-based interventions. Recently, Hingle et al (75) reported that direct methods (eg, education or workshops on healthy eating) that involve parents in diet interventions were more likely to be effective than were indirect methods (eg, information leaflets and assignments). However, motivating and sustaining parental or family involvement in interventions remain challenging (75, 76) . Key barriers identified by parents were limited time availability and an unwillingness to be tutored by schools (76) . These limitations may help to explain why, despite its importance, only half of the studies included in this review were multicomponent interventions involving parents or families. Notwithstanding this multicomponent nature, the scope of the strategies used by the interventions was surprisingly narrow. Only
TABLE 5
Effect on the prevalence of overweight and obesity of studies providing significance levels (n = 7) shown to be associated with higher BMI (78, 79) . Previous research in HICs has shown that these sedentary behaviors can be effectively addressed (80, 81) and indicate the need to include these types of interventions as obesity-prevention strategies (82) . Similarly, few interventions targeted the school environment, for instance with respect to the types and nutritional value of the foods sold in and around schools or as related to school policies. Exposure to unhealthy energy-dense food in schools, which often competes with healthier choices in terms of taste, price, and supply, was not assessed. It is likely that changing the nutritional environment in schools poses a challenge for preventive interventions in LMICs because the type and complexity of changes required is different from those in HICs at times, eg, at schools, street food vendors intermingle with privately owned food tuck shops in the schools. A potential limitation of this review was the exclusion of studies based on language. We believe, however, that it is improbable that important studies were left out. In our experience, it is very unlikely to find methodologically sound studies meeting the inclusion criteria in languages other than English, Spanish, or French. We acknowledge that gray literature may have been an additional contribution to this review. However, as recommended by Doak et al (83) , only peer-reviewed literature was included.
The general limited quality of the included studies is a second possible limitation. The lack of information, lack of blinding of assessors to the intervention, and lack of adjustment in the analysis for clustering were the main quality-related issues. We believe, however, that the methodologic limitations present did not alter the main conclusion of our review, ie, that school-based interventions in adolescents can successfully improve diet, PA, and BMI. First, the positive effects found in the reviewed studies were consistent across a variety of settings. Second, and most importantly, the largest effects were found in the studies with the highest quality score (47, 63, 64, 68) .
Apart from the methodologic issues outlined, the studies included in the review had many other limitations. First, several studies (n = 11) did not evaluate the proximal outcome(s) that the intervention targeted for change, and only 5 studies evaluated the effect on both proximal and distal outcomes. Ideally, future intervention studies should evaluate the effect on diet and/ or PA and on BMI (33) . This would considerably strengthen the evidence and allow one to quantify to what extent improvements in these proximal outcomes are translated into changes in BMI and to potentially understand the bottlenecks in these pathways.
In addition, only 2 studies conducted a process evaluation, ie, documented how and to what extent the intervention was implemented as planned and adopted by the beneficiaries in a particular setting. We believe that this was a missed opportunity for LMICs because this will provide the crucial information that is needed to adapt the program for implementation in other settings and to scale up, especially because large differences in school settings and nutritional and PA environments may exist.
A further limitation was that only 3 of the interventions investigated adverse effects. Obesity-prevention interventions may aggravate social stigmatization or psychosocial problems of the already overweight or obese children or could lead to or exacerbate underweight or eating disorders (36) . Even though a recent meta-analysis concluded that preventive interventions are potentially harmless (73) , future interventions should still include these outcomes and report them by BMI category to provide a more complete view of the intervention effects for the whole target population.
A striking omission, given its importance when considering scaling up, was the lack of information on cost-effectiveness in all of the studies. Given the limited resources available in LMICs, solid cost-effectiveness estimates would be of tremendous help to policy makers. Also related to scaling up is the need to understand to what extent SES and urban/rural settings within LMICs modify the effectiveness of interventions (32) . This is especially important in light of the shift of the obesity epidemic to poorer population groups and from urban to rural settings (13) (14) (15) .
A further issue that emerged was that the outcome measures in most studies were limited to BMI and self-reported behavior. In future studies it would be valuable to include waist circumference as an outcome measure because this would enable identification of the effect of the intervention on central adiposity and body composition in children (84) . Furthermore, to overcome the limitations of self-reported behavioral outcome measures, studies should consider methods not prone to reporting bias, such as the use of accelerometers and the measurement of physical fitness. A final limitation was that only 6 studies used a theoretical framework to develop their intervention, which is surprisingly few when compared with the recent findings of Waters et al (73) . Contextual influences, such as social values and cultural norms, bring about changes in lifestyles that largely contribute to shaping behavior in children and adolescents. In particular, behavioral and environmental determinants of physical inactivity and unhealthy eating (eg, food safety, time spent watching television, availability of playgrounds, and financial autonomy) need to be taken into account. The use of theoretical frameworks for the development of interventions will ensure that intervention activities aimed at changing the relevant proximal and distal outcomes are tailored to the participants' context (85) .
In conclusion, stronger evaluation designs would contribute considerably to increasing the effectiveness of interventions aimed at preventing obesity. Although conducting these interventions in school-based settings is challenging (86), other complex programs have shown that rigorous evaluations can be implemented successfully (87) .
Finally, we reviewed to what extent our findings are comparable with those from reviews of intervention studies conducted in HICs. Two similarities stand out. First, and notwithstanding the large cultural and socioeconomic differences between HICs and LMICs, intervention studies conducted in HICs identified similar intervention characteristics to be associated with effectiveness, ie, multicomponent, combined interventions that integrate educational activities in the curriculum (32, 33, 73, 74) . Second, until recently (73), detailed process evaluations documenting the implementation of the intervention have been mostly lacking (32, 33 ). An important difference, however, is that the use of theoretical frameworks for the development of interventions is much more common in HICs (73) .
In conclusion, school-based interventions have the potential to improve dietary and PA behavior and to prevent unhealthy body weights. However, there is a need for more well-conducted evaluation studies to strengthen the evidence base. These studies should use the strongest possible evaluation designs to allow researchers to unequivocally attribute the effect to the intervention. In addition, they need to carefully document the pathways through which the interventions have their effect. Finally, process evaluations are needed to learn from program implementation and adoption to identify which intervention components are effective and feasible. Only with this strong evidence base will school-based interventions be able to reach their full potential of addressing unhealthy body weight in school-age children in LMICs.
